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ABSTRACT Insertion sequence 50 (IS50) transposition
utilizes a 19-base-pair "outside" end and a 19-base-pair
"inside" end in inverted orientation relative to each other,
whereas transposon 5 (Tn5) transposition utilizes two inverted
outside ends. The frequency of transposition events that
involve an inside end is regulated 1000-fold by the host dam
methylase system. The end sequence requirements for trans-
position and its regulation by dam methylase were analyzed in
Escherichia coli by generating random single base pair muta-
tions in either an ISSO inside end or outside end placed in
inverted orientation with respect to an unmutagenized outside
end. The mutations were then isolated, assayed for transposi-
tion phenotype, and sequenced. Mutations were isolated at 15
of the 19 sites in the outside end. All of these mutations except
those at position 4 decreased transposition. Mutations at
position 4 (which is the only nonidentical base pair in a region
of homology between the outside and inside ends) had no effect
on transposition. Mutations were isolated at 11 of the 19 sites
in the inside end. All of these mutations, including one at
position 4, decreased transposition in dam - cells. Mutations at
position 10 (within a dam recognition sequence) and 2 (not
within a dam recognition sequence) reduced the magnitude of
dam regulation. A mutation within a dam recognition sequence
adjacent to the required 19 base pairs of the inside end did not
reduce the magnitude of dam regulation.

Insertion sequences (ISs) are prokaryotic transposable ele-
ments that encode factors required for their own transposi-
tion. Many of the known ISs have been found as integral
parts of a class of transposable elements known as compos-
ite transposons. Composite transposons are composed of
two ISs that bracket a gene or genes that usually encode one
or more proteins conferring antibiotic resistances. Transpo-
sition of composite transposons is governed by the ISs that,
depending upon the transposon, can be in either direct or
inverted orientation relative to each other (1).

IS50 is the 1520 base-pair (bp)-long insertion sequence
found in the composite transposon Tn5 (1). Tn5 contains two
ISSOs, ISSOL and ISSOR, which are found in inverted orien-
tation relative to each other and flank the ends of a unique
region that encodes neomycin, streptomycin, and bleomycin
resistances (2) (Fig. 1). The ISSOR encodes two proteins: P1
and P2 (3). The P1 protein has been identified as the transpo-
sase required for transposition (3, 4). The P2 protein inhibits
transposition by an unknown mechanism. ISSOR and ISSOL
are the same except for a single nonidentical base pair. This
nonidentical base pair produces a nonsense codon in ISSOL
not found in ISSOR such that the ISSOL proteins, P3 and P4,
differ from those expressed from the ISSOR (5) (Fig. 1). There
are no identified functions for the P3 and P4 proteins.
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FIG. 1. Schematic representation of composite transposon TnS.
Tn5 consists of two IS50 inverted repeats, the ISSOL and the ISSOR,
which flank a unique sequence that encodes several antibiotic-
resistance genes (Neo, neomycin; Str, streptomycin; Ble, bleomy-
cin). IS50 transposition requires an outside end (OE) and an inside
end (IE) (that end that flanks the unique region) in inverted
orientation to each other, whereas TnS transposition requires two
inverted outside ends. Only the ISSOR encodes the functional
transposase protein, P1, and inhibitor protein, P2. A nonsense
codon in ISSOL causes nonfunctional truncated versions of P1 and
P2 to be expressed; these are proteins P3 and P4.

A transposon's ends define the limits of a transposon and
are required for transposition. It is assumed, and in some
cases has been shown, that factor(s) required for transposi-
tion specifically bind to the ends (6-8). IS50 has two
nonidentical ends, the "inside" end and the "outside" end.
The ends are named by their respective proximity to TnS's
unique region (Fig. 1). TnS transposition occurs through
recognition of the IS50 outside ends, which are in inverted
orientation with respect to each other, whereas IS50 trans-
position requires recognition of an outside end and an inside
end in inverted orientation (9, 10) (Fig. 1). The frequency
and regulation of IS50 and Tn5 transposition differ due to the
different ends that are utilized (9, 11, 12). From deletion
studies it is known that 19 bp of both inside and outside ends
are required for transposition at their respective maximal
frequencies (13, 14). An inspection of the end sequences
shows that, except for a single nonidentical base pair at
position 4, the first 9 bp of both ends are identical; the next
10 bp, however, constitute a nonidentical region (Fig. 2).
The outside-end nonidentical region contains a 9-bp site that
fits the consensus sequence for the DnaA protein-binding
site in the Escherichia coli oriC (13). It is known that the
level of DnaA protein affects TnS transposition in vivo and
that the DnaA protein specifically binds to the outside end in
vitro (15-17). In contrast, the inside-end nonidentical region
contains two dam methylase recognition sites (a third dam
methylase recognition site is immediately adjacent to this
sequence) (Fig. 2). dam methylase is involved in mismatch
correction in many prokaryotes. This enzyme methylates the
N6 position of adenine in the recognition sequence GATC
(18). Transposition involving an inside end is strongly de-
creased by dam methylation (12). This effect suggests that
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FIG. 2. Mutagenesis target sequences of the 1S50 inside-end
(IE) and outside-end (OE) cassettes. Here in 5' -- 3' orientation are
the target regions for mutagenesis of the IS50 outside and inside
ends. Within the boxed area are the first 9 bp of both ends, which are
identical with the exception of a single nonidentical base pair at
position 4. In the nonidentical region of the outside end, and slightly
overlapping the identical region, is a DnaA protein-binding site. The
nonidentical region of the inside end contains three GATC dam
methylation sites (labeled 1-3).

these GATC sequences may be involved in dam regulation
of IS50 transposition.
Although deletion studies determined the size of the IS50

end sequences required for transposition, the generation of
single base mutations would make it possible to determine
and compare the exact sequence requirements within each
end. For this purpose, double-stranded mixed sequence
oligonucleotides (cassettes) of the IS50 outside and inside
ends that incorporated mutations at random were synthe-
sized (19). These cassettes were cloned into a modified TnS,
replacing one outside end (Fig. 3). For each cassette-bearing
transposon, the transposition frequency was determined
qualitatively by a papillation assay and quantitatively by a
mating-out assay. The effects of individual mutations on
transposition were also compared in dam + and dam - cells.
These experiments not only identify base requirements for
transposition but also help to define the roles that various
sites in the IS50 end sequences play in the regulation of
transposition of this element and of Tn5. A similar study of
the outside end has also recently been published (17).

MATERIALS AND METHODS
Enzymes, Media, and Antibiotics. Restriction enzymes Sph

I, Kpn I, Sca I, and Not I, T4 DNA ligase, and T4
polynucleotide kinase were purchased from New England
Biolabs. Avian myeloblastosis virus reverse transcriptase
was from Life Sciences (St. Petersburg, FL). E. coli strains
were grown at 370C in Luria broth (Difco, Madison, WI).
Luria broth medium, tryptone yeast extract, or lactose Mac-
Conkey agar (Difco) contained tetracycline at 15 mg/liter
unless otherwise stated. Tetracycline, gentamicin, kanamy-
cin, nalidixic acid, and spectinomycin were purchased from
Sigma.

Bacterial Strains. E. coli strain RZ201 [A(lac pro) ara
recA56 rpsL thi Srl-] (20) was used for all cloning experi-
ments. The mating-out transposition assay donor strain was
RZ47.01 [pOX38-Gen/A(Iac pro) ara rpsL thi] or RZ48.01
[pOX38-Gen/A(Iac pro) ara rpsL thi dam:Tn9] (12); the
recipient strain was RZ224 [A(lac pro) ara polA thi Spcr rpsL
Nalr lambda] (20). Papillation assays were performed in
strains RZ47.01 and RZ48.01.

Outside and Inside Cassette Synthesis. Cassettes were
synthesized by the phosphoramidite method (21). Mutations
were incorporated at random into each cassette in accord-
ance with the binomial distribution to obtain an average of
one single base pair mutation per cassette (19, 22). The
cassette for the outside end was synthesized at the Biotech-
nology Center at the University of Wisconsin-Madison. This
cassette includes the outer 20 bp of IS50s outside end
bracketed by restriction sites Sph I, BamHI, and Kpn I
(Figs. 2 and 3). The cassette for the inside end was synthe-
sized by the Biomolecular Resource Center at the University
of San Francisco. This cassette includes a 24-bp target site of
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FIG. 3. Overview of the cloning procedure leading to the
recombinant plasmids pRZ1495 and pRZ14%, which possess an
outside-end (OE) or an inside-end (IE) cassette, respectively. (A)
pRZ1490 was cut by restriction endonucleases Kpn I and Sph I; the
larger fragment was then purified in 1% agarose. (B) Cloning of IS50
end cassettes was performed without a previous phosphorylation
step. (C) After ligation, E. coli cells were transformed with the
recombinant plasmids and plated on tetracycline-selective medium.

ISSOs inside end bracketed by the restriction enzymes men-
tioned above (Figs. 2 and 3). This cassette incorporates
inosine at random throughout the target site as a mutator. In
both cases, each strand of each cassette was synthesized
separately and was hybridized to its complementary strand
before cloning. A detailed description of these mutagenesis
protocols will be described in a subsequent communication.
Plasmid Construction. pRZ1490 and the subsequent

pRZ1495 and pRZ1496 series were constructed as follows.
All IS5ORs were derived from pRZ958, a ColEl derivative
containing an ISSOR with a deletion of 27 bp of its outside
end. Expression of P1 and P2 proteins is not affected by this
deletion (23). pRZ1490 was made by inserting a 12-base Kpn
I and Sph I polylinker into pRZ958's deleted ISSOR outside
end in a preferred orientation, thus creating pRZ1450. A
kanamycin-resistance gene from pKanllO (from Tn9O3, a
gift of R. Isberg, Harvard Medical School) was inserted into
this polylinker to produce pRZ1460. A Not I/Sca I fragment
from pRZ1460 containing part of the IS50 and the kanamy-
cin-resistance gene was used to replace the Not I/Sca I
fragment from pRZ620 (24). The resulting plasmid is the
18-kbp pRZ1490.
Outside and inside end cassettes were cloned into

pRZ1490 by cutting this plasmid with restriction enzymes
Kpn I and Sph I, thus leading to the replacement of the
fragment containing the kanamycin-resistance gene by either
an outside-end or an inside-end cassette (Fig. 3). The result-
ing plasmid series, pRZ1495 for plasmids bearing an outside-
end cassette or pRZ1496 for plasmids bearing an inside-end
cassette, have the deleted ISSOR outside end replaced by a
cassette in the correct orientation.

Genetics: Makris et al.
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To ensure that the modified ISSOR construct in the
pRZ1495-WT (wild-type) was not altered in transposition
behavior from the naturally occurring IS50R, papillation and
mating-out assays of pRZ1495-WT and pRZ620 (unmodified
ISSOR) were conducted simultaneously. Within the limits of
both assays, the transposition frequencies for both con-
structs were identical. This demonstrates that any differ-
ences between these IS50s not found in the end cassette do
not affect transposition.

Sequencing. All cloned cassettes were sequenced by use of
a primer extension method (25). In brief, plasmid DNA was
extracted from isolate clones (26) and denatured in NaOH.
An end-labeled 21-mer sequencing primer was hybridized to
an IS50 sequence upstream of the cloned cassette. Avian
myeloblastosis virus reverse transcriptase was used for com-
plementary strand synthesis through the cloned cassette ex-
tending with mixes containing deoxy and dideoxy ATP, CTP,
GTP, and TTP. The products were run on 8% electrophoresis
gels and dried. Sequences were read following a 48-hr expo-
sure of the gel on Kodak XAR film.

Transposition Assays. Transposition assays were performed
through two independent methods: qualitatively through a
papillation assay and quantitatively through a mating-out
assay.

Papillation assays were carried out according to the method
of Krebs and Reznikoff (24). Lac - cells, either RZ47.01
(dam+) or RZ48.01 (dam-), were transformed with plasmid
series pRZ1495 and pRZ1496, which are described above.
These plasmid series contain a TnS-lacZ construct that lacks
transcriptional and translational signals for lacZ. They can
express f-galactosidase only when transposition occurs into
an appropriate reading frame. Thus Lac- cells bearing these
plasmids will form red papillae on lactose MacConkey me-
dium if transposition occurs. Mutations that alter the trans-
position rate can be identified by monitoring the accumulation
of papillae in several colonies over a given time period. By
this method it is possible to compare the transposition fre-
quency of different mutations to that of a wild-type sequence.
This assay was repeated twice for each mutation by plating
-25-50 colonies per plate and counting, every 12 hr, the
number of papillae formed over 4 days.
The mating-out transposition assay was performed ac-

cording to the procedure of Johnson and Reznikoff (4). This
assay allows a quantitative determination of transposition
frequency and permits an independent confirmation of the
transposition phenotype as determined by the papillation
assay. Ten microliters of a freshly saturated culture of donor
cells (RZ47.01 and RZ48.01, both encoding gentamicin
resistance on their episomes) and recipient cells (RZ224,
which encodes spectinomycin and nalidixic acid resistance
on the chromosome) was mixed in 1 ml of Luria broth
medium and incubated at 37°C with slow shaking for 12 hr.
The mating mixtures of donor and recipient cells were
diluted and plated to yield between 50 and 500 colonies per
plate. After mating, exconjugant cells possessing the pOX38-
Gen episome were selected on tryptone yeast extract plates
containing spectinomycin (200 mg/liter), nalidixic acid (20
mg/liter), and gentamicin (5 mg/liter). Exconjugant cells
possessing the pOX38-Gen episome that received a transpo-
son encoding tetracycline resistance were selected on plates
identical to the ones described above except for the addition
of tetracycline (15 mg/liter). All assays were performed in
quadruplicate. The transposition frequency for a given cul-
ture was determined by dividing the number of tetracycline-
resistant exconjugant colonies (those that contain a transpo-
son) by the total number of exconjugant colonies. The
average standard deviation for a set of assays was 50%.
Dilutions of the mating mixtures were performed to confirm
that the number of exconjugants was linearly related to the
volume of the mating mixture plated.

RESULTS
Mutations of the Outside End. Deletion studies have shown

that 19 bp of IS50's outside end are required so that transpo-
sition can occur at the maximum frequency (13, 14) [-1.0 x
10-' in dam' cells and -1.0 x 1O-4 in dam- cells as
measured by the mating-out assay (12)]. The outside end
includes a region with homology to the inside end as well as a
DnaA protein-binding site (13) (Fig. 2). To study the outside
end in detail, mutations were introduced at random locations
throughout a 20-bp target site by the synthesis and cloning of
an outside end cassette as described in Materials and Meth-
ods.

Cells transformed with the pRZ1495 plasmids containing
synthetic cassettes were plated on lactose MacConkey agar to
determine their papillation phenotypes. Of all colonies in-
spected, 35% yielded a wild-type papillation phenotype and
65% yielded a phenotype that papillated less than wild type.
No colonies were found that papillated more than wild type.
By picking 25 colonies that papillated less than colonies

containing a pRZ1495 plasmid with an unmutagenized out-
side end (pRZ1495-WT), 20 different single base pair muta-
tions were obtained at 15 positions in the outside end (Fig.
4). These single base pair mutations are distributed through-
out the region of homology with the inside end and the DnaA
protein-binding site.
The pRZ1495 plasmids bearing outside-end mutations were

transformed into a wild-type strain (RZ47.01) to determine
their effects on transposition frequency through a mating-out
assay. The results are shown in Fig. 4. All single base pair
mutations obtained from colonies with a transposition-
deficient phenotype were found to be transposition deficient
by the mating-out assay. Furthermore, at positions where two
different single base pair mutations were isolated, the magni-
tude of the decrease in transposition frequency is dependent
upon the particular base pair substitution at that position.
By isolating plasmids from 25 colonies that papillated at

wild-type levels, 2 single base pair mutations at position 4
were obtained. The transposition frequency as determined
by mating-out assay of the transposon bearing these muta-
tions is wild type (Fig. 4). The remaining 23 isolates con-
tained plasmids with a wild-type outside-end sequence.
The effect ofDNA context on the transposition properties

of four outside-end mutations (1 thymine, 2 cytosine, 4
guanine, and 11 adenine) was examined. Plasmid constructs
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FIG. 4. Transposition frequency of the outside-end constructs
bearing single base pair mutations. The sequence represented cor-
responds to the outside end in the 5' -* 3' orientation. The
transposition frequencies represented are the arithmetic mean of
four independent assays and are plotted on a logarithmic scale. The
scale begins at 1 x 10-8. The limit of detection of the mating-out
assay for transposition is 1.0-3.0 x 1O-'. The symbols used have
the following meanings: base substitution to an adenine (m, o), to a
guanine (_, ci), to a cytosine (A, A), and to a thymine (e, o). Open
symbols represent transposition frequencies determined in dam -
cells, whereas closed symbols represent transposition frequencies
determined in dam+ cells. The open horizontal bar represents the
transposition frequency from the wild-type (W.T.) outside end in
dam - cells, whereas the solid horizontal bar represents its transpo-
sition frequency in dam+ cells.
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were made in which these mutations or the wild-type se-
quence was placed distal to the transposase gene (in the
pRZ1490 series the mutant outside ends are located proximal
to the transposase gene). In these four mutant constructs,
the depression of the transposition frequency as compared to
the wild-type sequence was the same as reported in Fig. 4
(data not shown).

Transposition frequencies were determined from outside-
end mutations 2 cytosine, 6 cytosine, 6 adenine, 7 guanine, 8
guanine, 9 guanine, 10 thymine, 11 adenine, 13 guanine, 14
guanine, and 16 thymine and a wild-type end in a strain
deficient in the dam methylase (RZ48.01) (Fig. 4). In all
cases the transposition frequency was increased by -10-fold
over transposition in the dam+ strain (RZ47.01).

Mutations of the Inside End. Single base mutations of the
inside end were isolated in the same way as for the outside
end. However, in this case, all mutations were generated by
the random incorporation of inosine throughout the 24-bp
target site. In comparison to mutations isolated from the
outside-end cassette, the spectrum of transition and transver-
sion mutations in the inside-end cassette was restricted. All
single base pair mutations obtained were either guanine/
cytosine or cytosine/guanine substitutions. Fifteen such sin-
gle base pair mutations were obtained at 14 different posi-
tions.
The papillation phenotypes of the pRZ1496 series plas-

mids were determined in dam+ and dam - cells. Two types
of colonies were observed: those with a decrease in papilla-
tion with respect to the wild-type end and those that papil-
lated at wild-type levels. No colonies were observed with an
enhancement of papillation. Sequence analysis of candidate
clones with wild-type papillation phenotypes yielded either
wild-type inside-end sequences, the majority (17 were iso-
lated), or (with the exception of the 10 cytosine mutation in
dam+ cells) mutations outside the 19 required bp. As with
the outer-end mutations, the transposition frequency for each
mutation was also determined by a mating-out assay. The
results are as follows.

In dam+ cells, all single base pair mutations except for
those at positions 10 (guanine to cytosine) and 20 (thymine to
guanine) were decreased in transposition relative to the
wild-type inside end (Fig. 5). No mutations were found that
increased the transposition frequency.

Wild-type inside-end constructs transpose ---1000 times
more frequently in dam- cells than in dam+ cells. This
transposition frequency is 10-fold higher than that found for
the wild-type outside-end construct (Figs. 4 and 5). The
transposition frequency in dam- cells for all single base
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FIG. 5. Transposition frequency of the inside-end constructs

bearing single base pair mutations. The sequence represented cor-

responds to the inside end in the 5' -- 3' orientation. The transpo-

sition frequencies represented are the mean of four independent
assays and are plotted on a logarithmic scale. The scale, limit of
detection of the transposition assays, and symbols used are the same
as Fig. 4. The horizontal open and solid bars, however, represent

the transposition frequency from a wild-type (W.T.) inside end in
dam - and dam+ cells, respectively.

mutations characterized throughout the required 19 bp of the
inside end was decreased by a factor of at least 100. Single
base mutations at positions 20, 22, and 23 lead to reproduc-
ible transposition frequencies either at wild-type levels or at
slightly reduced levels.

DISCUSSION
The transposable element IS50 is defined by two noniden-
tical ends, the inside end (that end immediately adjacent to
the antibiotic-resistance determinants in TnS) and the out-
side end (Fig. 1). Deletion analyses have indicated that the
important determinants for both ends are located within
sequences 19 bp in length (13, 14). The two end sequences
are identical for the first 9 bp, with the exception of position
4, but differ considerably in the remaining 10 bp (Fig. 2). In
the outside end these 10 bp include most of a DnaA protein-
binding site. In the inside end there exists two dam methyl-
ase recognition sites in this nonidentical region. This com-
munication describes the use of double-stranded mixed oligo-
nucleotides to generate single base pair mutations within the
inside- and the outside-end sequences. An analysis of the
transposition properties of the resulting constructs permits a
determination of the role for many of the positions in these
sequences in the transposition process and its regulation.
The "Outside End." Single base mutations have been

isolated in each of the first 14 contiguous positions of the
outside end as well as at position 16 (Fig. 4). With the
exception of the mutations at position 4, all single base
changes show a strong decrease in transposition in compar-
ison to the wild-type outside end. Also, of all isolates that
yield a wild-type transposition phenotype, 23 contain a
wild-type outside-end sequence and two contain single base
pair changes at position 4. These results complement an-
other study of the effects of outside-end mutations on
transposition (17). In that study transposition is from a
mutagenized outside end placed in inverted orientation rel-
ative to an inside end. This, in part, may account for
disagreement of the effect on transposition of the 4 cytosine
mutation. In both studies, however, no single base change of
the outside end was found that increases the transposition
frequency, and within the first 9 bp only changes at position
4 yield no reduction in transposition frequency.
Our results are similar to those obtained from the genetic

analysis of IS903's terminal inverted repeats (27). IS903's
repeats share no sequence homology to IS50's end se-
quences; however, all single base pair mutations within the
inverted repeats, again with the exception of the fourth base
pair, result in a decrease in transposition frequency.
Furthermore, also similar to IS903 is the observation that

when a single base pair mutation is placed in both inverted
outside ends of Tn5 the transposition frequency decreases to
undetectable levels (J.C.M. and W.S.R., unpublished
results). When the same mutation, however, is placed in
only one of the inverted outside ends, the transposition
frequency is restored to detectable levels. This suggests that
the unmutagenized outside end partially salvages the func-
tion of the mutagenized end.

At positions where more than one mutation have been
isolated, the magnitude of the transposition decrease is
dependent upon the particular base pair substituted. Further
studies such as this may be useful in determining the nature
of the protein-nucleic acid interactions occurring at this end.

Transposition from two inverted outside ends in TnS is
increased 10-fold in dam- strains (12). A 10-fold increase in
transposition frequency is also noticed in all transposition-
deficient outside-end mutations assayed in dam- strains
(Fig. 4). Since the P1 transposase expression is increased in
dam- strains (12), this effect is presumably the result of
increased levels of transposase and not due to a change in
methylation-dependent interactions at the outside ends.

Genetics: Makris et al.
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The "Inside End." Transposition of an IS50-like construct
that uses one inside end and one outside end has been
reported to be enhanced in dam - cells under conditions in
which no change in transposase level occurs (12). The data in
this communication would suggest that the magnitude of this
effect is 100-fold (of the total 1000-fold effect observed, 10-
fold is presumed to be due to a change in transposase levels)
(Fig. 5). This effect is presumably due to the presence of two
dam methylation sites in the inside end.
These transposition data suggest that those factors that

interact with the inside end to facilitate transposition are able
to do so most efficiently with unmethylated DNA. Thus
measurements under dam - conditions should directly re-
flect an inside-end mutation's effect on transposition. With
the above model in mind, interpretation of the effects on
transposition of the inside-end mutations becomes easier. (i)
In dam - cells, all mutations in the 19 bp required for
transposition decrease transposition with respect to a wild-
type inside end by a factor of 100 to as much as 10,000. (ii)
Mutations outside the required 19 bp (14) may have a modest
effect on the transposition frequency, such as the 20 guanine
mutation. (iii) All isolates that yielded a wild-type transpo-
sition phenotype contain either wild-type inside-end se-
quences or mutations outside the required 19 bp. No muta-
tions were found that increase the transposition frequency
from the inside end in dam - cells (Fig. 5).

In dam + cells one might have expected to find a number
of different classes of mutations. One class (which would
have had an enhanced frequency of transposition in dam+
cells) would impair dam regulation of transposition with little
direct effect on the transposition process. No such mutations
have been found. A second class would reduce sensitivity to
dam regulation and impair the transposition process directly.
For the 10 cytosine mutation this is not an unexpected result
since it changes one of the dam GATC sequences; however,
for the 2 cytosine mutation the apparent reduced sensitivity
to dam regulation must be indirect. A third expected class
would contain mutations with decreased transposition fre-
quencies but normal regulatory behavior. We have not de-
tected any mutations like this perhaps because the remaining
mutations (such as 4 cytosine, 6 cytosine, 9 cytosine, 12
cytosine, 17 cytosine, etc.) so severely impair the transposi-
tion process that their residual transposition frequencies in
dam+ cells are at or below the limit of detection. Finally, the
22 cytosine mutation is of particular interest. This mutation
alters a dam recognition sequence adjacent to the inside end
but does not decrease the magnitude of regulation of transpo-
sition (in fact it appears to increase it). Thus this nearby dam
recognition sequence does not play an important role in the
regulatory process.
Two potential integration host factor (IHF) protein-binding

sites, one with 7 of 9 bp matching the sequence to the
canonical IHF protein-binding site (28) and the other with 6 of
9 matches, overlap the inside end sequence and each other.

Canonical sequence

IS50 inside-end site 1
IS50 inside-end site 2

TAANNNNTTGATT
C A
CTGtctcTTGATC
TCAgatcTTGATC

In insertion sequence ISJO, which has an IHF protein-binding
site near its outside end, the IHF protein appears not to effect
the transposition frequency but is influential in other TnlO
reactions such as circle formation (29). In ISSO's inside end all
mutations obtained in site 1 decrease transposition, although
some of the mutations in the putative IHF protein-binding site
2(20 guanine and 22 cytosine) have little or no apparent effect
on IS50-like transposition. Therefore, the role of the IHF
protein, if any, in the IS50 system is ambiguous.

Comparison of the Outside and Inside Ends. Analysis of the
transposition properties of the wild-type end sequences
either in a TnS-like (outside end-outside end) or an IS50-like
configuration (outside end-inside end) under conditions lack-
ing any dam inhibition of transposition indicates that the
IS50-like transposition event is favored 10-fold (compare
Figs. 4 and 5). This suggests that the protein-nucleic acid
interactions differ at the two ends as might be expected from
the fact that they have differing sequences. Another way of
examining this question is to study mutations in the first 9 bp
where the two sequences are similar. Of particular interest in
this regard is position 4 where they are nonidentical. The 4
cytosine mutation in the inside end reduces the transposition
frequency considerably, whereas in the outside end it has no
measurable effect on transposition. The 6 cytosine mutation
on the outside end reduces transposition by a factor of
10,000, but its counterpart in the outside end reduces trans-
position by a factor of =100. These comparisons strengthen
the argument that protein-nucleic acid interactions may
differ at each end.
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